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Abstract: N-dk#uuCfoclrl of ektoacida 3 bcarbg both a wbmyl group and a lm.d one H-atom new to tk SO, 

group give easily an inhmwkuku ring-closure re&ion by actim of potawinm t-butoxide producing tk 

3-lmim-4,5-4ihy&04-hydroxy-is~~1e ss-dimidu 4. componnds 4 are tnlnfd by thimyl chloride into the 
cormspading chloro-derivatiliw 5 which in turn are dehydrochLwin&d by PosarJivm eprbaMlc to svlutitvrod 

3-amim-irothiaole SS-dioxid& 6. 

For Several years we have been actively interested in the synthetic exploitation of 

N-sulfonylamidines . 24 More particuhuly, we have shown that a N-sulfonylamidine having at least an 

hydrogen atom 01 to the SO, group reacts with strong bases producing a carbanionic intermediate which 

undergoes an intramolecular cychzation affording enamines, thiaZete-S,S-dioxide8 and t3-sulfonyleniunines 

through a thiazetidine intermediatel. This useful result prompted us to investigate Other classes of 

N-sulfonylamidines with intrinsic possibility of intramolecular cyclixation. Our results with 

N-alkylsulfonylamidines of a-~oacids are reported in the present paper. 

Anddines. As shown in Scheme 1 the amidines 3 were obtained by reaction of sulfonylaxides 1 with 

enamines 2. Azides 1 are known compounds and were prepared according to conventional procedures. The 

hitherto unknown enamines 2b,c were prepared as described for 2a6, i.e. by reaction of diethylamine with the 

corresponding l-aryl-3-phenyl-2,3-dibromo-1-propanones, whereas compounds 2d-f were obtained according 

to the method which has been reported for the diphenyl analogue of 2d6, i.e. by addition of the appropriate 
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amine to the comsponding l-aryl-3-phenyl-2-bromoprop-2-en-l-one and base catalyzed elimination of 

hydrogen bromide. The reaction of the azides 1 with the enamines 2 was performed in boiig ethanol. 

Amidines 3 am produced through 1,3-dipolar cycloaddition of the azide to the enamine double bond The 

intermediate v-triazoline adducts are quite unstable, as observed in analogous cases8, and cannot be isolated. 

Instead, they spontaneously undergo cycloreversion with elimination of phenyldiazomethane producing 

compounds 3. 

FHSO2N3 + H5C6-CH=C-CO-Ax 

R* h2 
1 2 

+K2C?i 

(R*=H) 

NRZ 

6 

Table1 R1 

R>H-s02N3 

“-N%-%h H 

Table 2 
H5C6-CH=fXO-k 

J4R2 

*I AT NR2 

c6H5 dk.th)hIlhO 

pCH3-C6H4 ~e~Y~‘J 
pCH3OC6H4 diethykmino 

pCH3-C& zmqhliio 

pCH3C6H4 PYnPlidino 

p-CH3O-C6H4 morpholiio 

Scheme 1 

t-BuOK 

Cl iJR* HO k2 

5 4 

Table 3 

a cgH5 c6H5 H di&YkllilUl 

b pCH3$-6H4 c6H5 H diahylamino 
c P-CH30-C6R4 c6H5 H dierhylemino 

d c6H5 p-NO2-C6u4 H diethylitmino 

c c6H5 
f pCH3-W’4 
s CgH5 
h PCH,+.H~ 
i P-CH3-C6H4 
I P--$‘-%HL~ 
m C6H5 
n PCH3C6H4 
0 P-'=~OC&~ 

P p-CH3O”C6H4 

H 

H 

H 
H 
H 
H 

CH3 
H 
H 
H 

H diethylamino 

CH3 morpholin 

CR3 diethylamino 

H dit7thylamino 

H morpholii 

H &a@nino 

CH3 dieIbylmniM 
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H PYrm% 
H morpbdino 
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Table 4 

OH NR2 

4 Ar R’ R2 NR2 

* C6H5 dkthylamino 
H di&ylrmim 

diCthybt!UbKI 
CfiHT diethylmim _ _ 

f13°c6H4 CSHS H diahylamino 
H 

o-NO2+,H4 

: 

!H3 
H 

CH3 
CH3 dicthylrmino 

diethylmillo 

Table 5 

a 

b 
c 

d 
e 
f 

g 
h 
i 
1 

AT R1 R2 NRZ 

CsH5 H d&hylUUilIO 
H C6HS diahylrmino 
H H dictbyl& 
H H diethylamim 
H H mapbolino 
H H H diCthyl&M 
H c6H5 mnphoIin0 

c6H5 H morpholim 
H H pymlidiM 
H H molpholiM 

Table 6 

R1 NRv 

-3oc6Hq ‘6% dkdQ’- 

P-‘=3-%H4 H dkthye 

pcH3O%H4 H didhylamino 

flH3c6H4 CSHS rluxpbolino 

pCH3o-cdI4 H wnolidino 

pCH3O-%H4 H mmpho~ 
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Isothiazolines 4,S and IsothiazoZes 6. Compounds 3 mpresent a new class of N-sulfonylamidine, 

containing at once, an acidic hydrogen a to the SO, group, and a carbonyl group directly bonded to the 

amidine carbon. Owing to these structural feahnes they readily cyclixed when tmated with alkaline alkoxides. 

The best results wem obtained by using potassium t-butoxide. 

As a rule the ring-closure products, i.e. the corresponding 3-amino-4-hydroxy-4,5dihydroisothiazoles 4 

(Scheme l), were obtained in good yields. Clearly, products 4 are formed by deprotonation of the starting 

compounds a to the SQ group and intramolecular attach of the resulting carbanion at the CO group. 

On reaction with excess of thionyl chloride at reflux, compounds 4 smoothly produced the 

corresponding chloro-derivatives 5 in good yields by substitution of the hydroxy group. When R2 corresponds 

to hydrogen atom, compounds 5 can readily be dehydtohalogenated to the 3-aminoisothiaxole S,Sdioxide 

derivatives 6. This reaction was best performed by potassium carbonate in acetone; triethylamine gave poor 

results. Other bases, particularly nucleophilic bases as ammonia and primary and secondary ammes, gave 

complex reaction mixtures which am currently under study. 

A thermal elimination was observed in a variable temperature ‘H-NMR experiment. However, this way 

to transform 5 to 6 is not suitable for practical purposes. Direct production of compounds 6 from the products 

4 by dehydration failed to give acceptable results since the hydroxy compounds 4 appear to be resistant to 

some common dehydrating agents (e.g. P&Is, Z&l,, KOH, acetic anhydride, trace of mineral acids,treatment 

with bases and so on). 

Conformation and configuration of isothiazoles. The stmctww of all products were confirmed by 

analytical and spectroscopic (IR, ‘H-NMR and MS) evidence. In compounds 4 and 5. when R1 is different 

from R2, two diastemomeric products am to be expected. Indeed, in all cases a mixture of both diastereomers 

in a nearly 1 to 1 ratio was obtained. Most of them were separated in a pure condition and their configuration 

was established by ‘H-NMR. For the sake of clarity only the pair 4a and 4b will be discussed in detail in the 

following since the results can straightforwardly be extended to all cases. As shown in Table 8 the ‘H-NMR 

spectrum (CDCl~) of 4b is character&d by a signal (singlet) at 5.2 6 corresponding to H-5 and another 

singlet at 5.5 6 associated with the OH group. The corresponding values for 4a sre 4.6 6 and 3.5 6 

respectively. From the observed chemical shifts a configurational assigmuent can be inferred taking into 

account the shielding effect which should be exerted by the aromatic rings on & substituents on C-4. 

According to this reasoning the 4R*5S* and 4R*5R* configurations can be assigned to 4b and 4a, 

respectively. To confii this assignment a NOESY spectrum was recorded, showing a clear correlation 

between the H and OH groups only for compound 4a in which they ate a. On analogous evidence the 
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configm-aticm was assigned to the other diastemomeric pairs. A similar situation was observed in the tax of 

compounds 5. For example, in 5b the H-5 resonance is found downtlelds with respect to Sa. In agreement 

with this the,NOESY spectrum of 5a evidences a correlation between H-S and the aromatic hydrogens of the 

Cmethoxyphenyl group on C-4, which is absent in sb. A striking feature of the ‘H-NMR specumn of all 

compounds 45 and 6 is the great complexity of the signals associated with the morpholino, pyrrolidino and 

diethylamino groups bonded to C-3, showing the magnetic non-equivalence of chemically identical 

hydrogens. This points to a rotational barrier about the C-N bond which can be explained by an extensive 

conjugation of the amidine system. Variable temperature ‘H-NMR experiments which evidenced the 

coalescence of the signals at about 80-W C. By applying the Arrhenius equation rotational barriers of about 

17-18 Kcal/mol were calculated for compounds 4,5 and 6 respectively, which is in fair agreement with 

structurally similar cases9JoJt. 

EXPERIMENTAL 

IR spectra were recorded on a Eye Unicam SR-200 S Philips spectrophotometer. ‘H-NMR spectra 

(tetramethylsilane as internal standard, CDCls as solvent or DMSO in variable temperature experiments): 

Bruker AC 200, Bruker AC 300 equipped with a VT 1000 Unit to perform variable temperature experiments. 

TLC: ready-to-use silica gel plates with cyclohexane/ethyl acetate or diethyl ether as eluant. Column 

chromatography: silica gel with the eluant indicated Melting points: not corrected. M.S.: Varian Mat INCOS 

50 instrument. 

Surfor@ azides la-e. Products la,b,c,d are known compounds ‘p1213. Sulfonyl axide le was prepared 

from the corresponding sulfonyl chloride14 according to a published procedtur?. 

le: C7H6N404S (272); Yield: 79%; Calcd.: C 34.56% H 2.52% N 22.88% Found: C 34.72% H 2.49% 

N 23.14%. Mp.: 97O. 

Enamines Zu-J Enamine 2a is known compound6. Enamines 2b,c,d,e,f were prepared according to 

published procedures6~7. 

2b: C&&NO, Calcd.293 Found 293 (MS); ‘H-NMR (CDC13): 5.6 8 (CH=C-N). 

2c: C$IzN&; Calcd.309 Found 309 (MS); ‘H-NMR (CDC13): 5.6 8 (CH=C-N). 

2d: C$121N02; Calcd.307 Found 307 (MS); ‘H-NMR (CDC13): 5.7 8 (CH=C-N). 

2e: C$tHzNo; Calcd.305 Found 305 (MS); ‘H-NMR (CDC13): 5.6 8 (CH=C-N). 

2fz C&xlNq; Calcd.323 Found 323 (MS); ‘H-NMR (CDC13): 5.8 8 (CH=C-N). 

General procedure for rhe preparation of N-sulfonylamidines 3 a-p. A solution of azide 1 in ethanol 
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was dropped into a solution of enamine 2 in the same solvent under stirring at room temperamre. After the 

addition the mixture was refhmed until the reactants were no longer detectable by TLC (about 8 hours). The 

solvent was evaporated and the residue was crystallimd from diethyl ether. In other cases chromatographic 

purification of the reaction mixture (eluant cyclohexane/ethyl acetate 46) was performed. Analytical and 

spectroscopic data ate listed in Table 7. 

General procedure for the preparation of 3-amino-4,5-dihydro4-hydroxy-isothiazole S,S-dioxides 4 

a-z. To a stirred solution of the appropriate N-sulfonylamidine 3 (1 mol.) in anhydrous THF, under nitrogen, 

an equimolecular amount of potassium t-butoxide was added. Stirring was continued for about 6 hours and 

the end of the reaction was checked by TLC (cyclohexsne/ethyl acetate 4~6). The reaction mixture was 

evaporated and neutral&d with a 10% HCl solution, and the product was extracted into C!H&l, and washed 

twice with water. The organic layer was separated, dried over Na2S04 and filtered, and the solvent was 

evaporated under reduced pressure. Product 4 was crystalliz& from diethyl ether. The pairs of diastereomers 

4a.b; 4c,d; 4e,f; 4n,o; 4t,u; were separated by flash chromatography (eluant diethyl ether/petroleum ether 

1:l). From the mixture 411.0 only 4o could be obtained in a pure form. 4n was always obtained in mixture 

with 40 and attempts to purify it failed. Analytical and spectroscopic data are listed in Table 8. 

General procedure for the preparation of 3-amine-4-chloro4,S-dihydroisothiazole S,S-dioxides Sa-L 

Product 4 was mfluxed in SOClp until disappearance of the reactant (TLC). The solvent was then distilled off 

under reduced pressure; the residue was neutralized with 10% NaHCO, solution, extracted into CH#.& and 

washed with water. The organic layer was separated, dried over Na$04 and filtered, the solvent was 

evaporated under reduced pxessure,and the residue was crystallircd from diethyl ether. The pairs of 

diastereomers 5a,b; 5g,h; were separated as described above by flash chromatography (eluant diethyl 

ether/petroleum ether 1:l). Analytical and specwscopic data are listed in Table 9. 

General procedure for preparation of 3-amino-isothiazole S,S-dioxides 6. To a solution of 5 in anydrous 

acetone an equimolecular amount of solid K,Ca, was added under vigorous &ring. The suspension was 

refluxed until complete disappearance of the reactant (TLC eluant cyclohexanejethyl acetate 4.~6, about 48 

hours). The solvent was then evaporated under reduced pressure and the residue was taken up in 10% HCl 

solution, extracted with C!H.$l, and washed twice with water. The organic layer was separated, dried over 

NazISO,., and Ntered, and the solvent was evaporated under reduced pressure. The residue was crystallized 

from diethyl ether. Analytical and spectroscopic data are listed in Table 10. 
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